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Atxitract. Studies were carried qut an the toughening of a bifunctional epoxy (diglycidyl 
etk~er of bisphenal-A) matrix sys tern with an ABS/PC thermoplastic blend. The thermoplastic 
klcrlcl was incorporated into the epoxy nutrix by particle dispcrsian a r ~ d  melt-mix methods. 
'1 hc unrrlodificd and modified epoxy resin systcn~s were cured with a stoichion~ctric quantity 
of diaminc, diphenyl methane (DDM). The cured castings were characterized by measurement 
of glass transition temperature (7;) by nsc, evaluation of plane strain fracture toughness 
(K,,.) by thtec-paiht bending. tests and SEM analysis of nox~-etched and basejacid etched 
fracture surfaces. In  gerleral ABSjPC-modified ( I  5% w/w) epoxy-resin-cured systems showed 
cn hnnced fracture tougtlncss wit tlout lowering the giass transition temperature. The me1 t-mix 
rrzcthod yielded higher fracture toughness than the particle dispersion method; this conclusion 
was also supported by scan~lirlg electron micrographs. 
CYf ltlie tl~cmiosetting polymers, epoxy resins are one of the best matrix resin systems 
I llS&$l for composite rntttrrials [I] of itlterest to aerospace engineers. Cured unmodified 
'-dpbxy resins are brittle with inadcy uate fracture toughness [2-81; which linlits their use 
' i ~ .  composites fbr high-performance applications. Several workers have reported that 
elastomer-modified cpoxy resin systems showed enhanced fracture toughness [4-6,9]. 
I.:iter it was dcrl~unstratcd that the ix~corporation of a thermoplastic phase to the brittlc 
matrix cnbanccs the frzicture tougllncss [10]. In  this context several studies have been 
reported on tl~ermoplastic-modified epoxy resin systems [8,9,11-181. Thcrmoplastic- 
tougl~ened tllcrrnoset systems combine the toughness characteristics of the thermoplastic 
~nodifier with t l~c processing advantages of a thermoset matrix system [19]. Themoplastic- 
toughened epoxy resin systems exhibit enhanced fracture toughness '@, 10,12,16]. 
Touglrenirtg of epoxy with bisphenol-A polycarbonate [l l]  gave irnprored fracture 
toughness, while toughening of cpoxy with polycarbonate and rubber (ETBN) gave no 
improvemerlt in fracture toughness [20]. i ' 
With this background i t  i s  of great interest to explore the toughenability of a 
bifunctional epoxy resin modificd will1 quaternary poly~ncl: blend contairling 
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11) exhibit several deep pits in the matrix, which are caused by the d i ~ s o l u t i o ~ ~ f ~ ~ ~ ~  
particles by base/acid etching. These micrographs also clearly indicate that theABSII 
particles are embedded in the resin matrix without any strong cros~linkage~. 
 he etched fractured surface of the ABSjPC melt-mixed system (figure 12)esb, 
no such deep pits in t h e  matrix, which clearly reveals t h a t  the ABS/Pc nlodifi:: 
intimately mixed v'ith the resin matrix phase. 
4. Conclusions 
An ABS/PC thermoplastic blend was incorporated into a bifunctinal DCEBAlp, 
resin to the extent of 15% (w/w) by particle dispersion and melt-mix methodi 
comparative evaluation was made of the two types of blended products both curedv?~ 
a diamino diphenyl methane amine hardener under similar conditions. We can canclb. 
that the ABS/PC thermoplastic blend in general enhanced the fracture toughne~r[i, 
of the epoxy-DDM matrix system without lowering T, and that the ABS/PCmd\.re 
method yielded a higher fracture toughness than the particle dispersion method. 
Acknowledgments 
The authors are grateful to Dr K N Raju, Director, Professor R Narasimha.bs, 
Director and Dr A K Singh, Head, Materials Science Division, NAL, Bangalorelor: 
facilities provided for these studies. They also acknowledge Mr D A Pandu, Prokr 
M R Holla, S Sathyanarayana, R V College of Engineering and also Mrs Padma,\' 
Suresh Anand and Mr K S Raju of FRP Pilot Plant, NAL for the help received. 
i 
References I: . 
f 11 Lee H and Neville K 1967 Ma~rdbook of Epoxy Resins (New York: ~cGraw-Hill) 
[2] Riew C K, Rowe E H and Sicbcrt A R 1976 Toughness and Brittleness of Plastics (Ad~anc&Jln 
Chemistry Series N o  1-54) (Washington: American Chcrnical Socicty) 
[3f Kunz S C, Sayre J A and Assink R A 1982 Polymer 23 1897 
141 Kinloch A J, Shaw S J, T o d  D A and Hunston D L 1983 Polymer 24 1341 
[ 5 ]  Bucknall C B and Yoshii T 1978 Br. Polym. J. 10 53 
, [63 Sultan J and  McGarry J 1973 Polyn~.  Eng. Sci. 13 19 
[7] Hedrick J L. Yilgor I, Jurek M, Hedrick J C, WiIkes G L and McGrath J E 1991 po /~m~~ ! ' " : '  
[83 Chen H H and Schott N R 1992 Polym. Preprints 3yl) 498 
[9] Raghava R S 1968 J .  Polyrn. Sci.: B Polyrn. Phys. 26 65-81 
[lo] Leung C L et a/ 1992 Polym. Preprints 33(1) 509 
[ I  11 Di Liello V, Martuscelli E. Musto P. Ragosta G and Scar ins  G 1994 J .  Polym. Sci.:B, P ~ / Y ~ . P ~ Y . ~ ' ' ~  
El23 Bucknall C B and Gilbert A H 1989 Polymer 30 213 
[13] Yamanaka K and Inoue T 1989 Polymer 30 662 
[I41 Bucknall C B and Partridge I K 1983 Polynzer 24 639 
[15] Hedrick J L. Yilgor I, Wilkes G L and McGrath J E 1985 Poiyn~.  Bull. 13 201 
[I61 Bucknall C B and Partridge I K 1986 Polym. Eng. Sci. 26 54 
[17] Iijima T, Tocbimoto T and Tomoi M 1992 J .  Appl .  Polym. Sci. 45 709 
[l8] K u n - c h u n  Tcng and Fcng-chin Chang 1993 Polyrner 34 4291 
Dcnnctt G S. Farris R J and Thompson S A 1991 Polymer 33 1133 
[20] Bucknall C D, Partridge I K, Jaylc L, Nozue I, Feernyhough A and Hay J N 1992 ~ o ~ ~ m . p r e ~ ~ ~ ~ ~ ~ ~ ~ ~ ' !  
[211 Dong L, Greco R and Orscllo G 1993 Polymer 33 1375 
[;22] Kim H er a1 1990 Polynter 31 875 
